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WO 00/56893 PCT/US0O/O761S 
5 HYPHAL GROWTH IN FUNGI 

Field of the Invention 

The present invention generally relates to hyphal growth in fungi and in particular 
10 & describes the modulation of genes associated with hyphal growth in filamentous fungi. The 

present invention provides methods and systems for the production of proteins and/or 
chemicals from filamentous fungi which comprise modulation of genes associated with 
hyphal growth. 

15 

to Background of the Invention 

While the number of fungal species described is approximately 64,000, it is 
estimated that over one million species exist making this a diverse group of organisms. 
20 About 90% of fungi grow in the form of a radiating system of branching hyphae known as 

the mycelium. This mode of growth reflects a different life style from unitary organisms 
is such as yeasts, with distinct advantages for advancing over surfaces and penetrating 

substrata (Carlile, 1994, The Growing Fungus, ed. Gow, N.A.R. & Gadd, G.M., Chapman & 
Hall, pp. 3-1 9). To date very few genes have been characterized which effect fungal 
branching. The most characterized gene is cot1 isolated from the fungus Neurospora 
crassa. Cot-1 is a temperature sensitive mutation leading to hyperbranching and the 
20 sequence, whose function is unknown, appears to encode a cAMP dependent protein 
kinase (Yarden et al, 1992, EMBO J. 11:2159-2166). 

Filamentous fungi find industrial importance as producers of antibiotics, enzymes, 
fine chemicals and food (Aspergillus: 50 Years On (1994) vol 29, ed S.D. Martinelli & J.R. 
Kinghorn pp. 561-596). There remains a need in the art for improved methods of 

35 

2s producing proteins in filamentous fungus. Filamentous fungus are also known pathogens 
of plants and animals. Therefore, understanding the genetic basis of fungal growth will 
provide insight regarding possible anti-fungal therapies. 
Summary of the Invention 

The present invention is based, in part, upon the discovery of Aspergillus genes that 
30 are associated with fungal morphology and in particular with hyphal branching. A linear 
relationship between the degree of hyphal branching (measured as hyphal growth unit 
45 length) and culture viscosity in the fermentor (as measured by torque exerted on the 

rheometer impeller) has been observed. Isolation of hyper branching fungal mutants and 
identification of genes associated with fungal hyper branching provides a means for 
35 modulating fungal morphology thereby providing a means for controlling viscosity and 
50 improving fermentor performance. 
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The present invention is also based, in part, upon the identification of an A. nidulans 
mutant for the production of HbrA (the mutant being referred to herein as HbrA2) which 
exhibits a hyperbranching phenotype at the restrictive temperature, 42°C. The mutation 
10 HbrA2 does not appear to affect growth of A. nidulans at 26°C, but results in a 

s hyperbranching, restricted growth phenotype at 42°C. The HbrA2 mutant comprising the 
heterologous nucleic acid encoding the M.meihei protease was able to secrete the 
protease at 26°C. The Hbr>42 mutant was unable to secrete the protease at 37°C but was 
15 able to secrete the endogenous alpha amylase at temperatures greater than 37°C. The 

present invention provides the amino acid, HbrA, and nucleic acid sequence for hbrA and 
io methods for producing heterologous protein or chemicals in fungi by modulating the 
expression of proteins associated with hyphal growth, such as HbrA. 
20 Accordingly, the present invention provides an isolated protein associated with 

hyphal growth in fungi having at least 70%, at least 75%, at least 80%, at least 85%, at 
least 90% or at least 95% identity to the amino acid sequence as disclosed in SEQ ID 
is NO:2. In one embodiment, the protein associated with hyphal growth is HbrA which has the 

25 

amino acid sequence as disclosed in SEQ ID NO:2. The present invention provides 
polynucleotides encoding the amino acid having the sequence as shown in SEQ ID NO:2 
as well as polynucleotides having at least 60%, at least 65%, at least 70%, at least 75%, at 
least 80%, at least 85%, at least 90% or at least 95% identity to the polynucleotide having 

30 

20 the sequence as shown in SEQ ID NO: 1. In one embodiment, the polynucleotide is 
capable of hybridizing to the polynucleotide having the sequence as shown in SEQ ID 
NO:1 under conditions of intermediate to high stringency, or is complementary to the 
polynucleotide having the sequence as shown in SEQ ID NO:1 . In another embodiment, 
the polynucleotide has the nucleic acid sequence as disclosed in SEQ ID NO:1. The 
25 present invention also provides host cells and expression vectors comprising a 
polynucleotide encoding SEQ ID NO:2 

In one embodiment, the host cell is a fungus and in another is a filamentous fungus 
including Aspergillus, Trichoderma, Mucor and Fusarium. In yet a further embodiment, the 
Aspergillus species includes, but is not limited to, A. niger, A. nidulans, A. oryzae and A. 
30 fumigatus. 

45 The present invention also provides a method for producing a desired protein in a 

fungus comprising the step of culturing a recombinant fungus comprising a polynucleotide 
encoding the desired protein under conditions suitable for the production of said desired 
protein, said recombinant fungus further comprising a polynucleotide encoding a protein 

50 35 associated with hyphal growth in said fungus said protein associated with hyphal growth 
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having at least 70%, at least 75%, at least 80%, at least 85%, at least 90% or at least 95% 
identity to the amino acid sequence as disclosed in SEQ ID NO:2. In one embodiment, the 
polynucleotide encoding a protein associated with hyphal growth is homologous to said 
fungus and is present in amounts greater than found in the naturally occurring fungus. In 
s another embodiment, the polynucleotide encoding a protein associated with hyphal growth 
is heterologus to said fungus and has been recombinantly introduced into said fungus. 
The method may further comprise the step of recovering said desired protein. 
15 In another aspect of the present invention, it may be desirable to down regulate 

expression of the protein associated with hyphal growth in order to reduce culture viscosity. 
10 Accordingly, the present invention provides a method for producing a desired protein in a 
fungus comprising the step of culturing a recombinant fungus comprising a polynucleotide 
20 encoding the desired protein under conditions suitable for the production of said desired 

protein, said recombinant fungus comprising a mutation in an endogenous nucleic acid 
encoding a protein associated with hyphal growth said mutation resulting in the inhibition of 
is the production by said fungus of the protein associated with hyphat growth. 
25 In one embodiment, the polynucleotide encoding a protein associated with hyphal 

growth in said fungus comprises a replicating plasmid. In another embodiment the 
polynucleotide encoding a protein associated with hyphal growth in said fungus is 
integrated into the fungal genome. In yet a further embodiment, the protein associated 
30 2 o with hyphal growth has the amino acid sequence as shown in SEQ ID NO:2. 

In yet a further embodiment of the present invention, the polynucleotide encoding a 
protein associated with hyphal growth has at least 60%, at least 65%, at least 70%, at least 
75%, at least 80%, at least 85%, at least 90% or at least 95% identity to the polynucleotide 
35 having the sequence as shown in SEQ ID NO: 1 , or is capable of hybridizing to the 

2s polynucleotide having the sequence as shown in SEQ ID NO:1 under conditions of 
intermediate to high stringency, or is complementary to the polynucleotide having the 
sequence as shown in SEQ ID NO:1. In another embodiment, the polynucletolde has the 
nucleic acid sequence as shown in SEQ ID NO: 1 . 

The present invention also provides a method for producing a recombinant fungus 
30 comprising a polynucleotide encoding a protein associated with hyphal growth comprising 
the steps of obtaining a polynucleotide encoding said protein associated with hyphal 
growth; introducing said polynucleotide into said host cell; and growing said host cell under 
conditions suitable for the production of said protein associated with hyphal growth. In one 
embodiment of this method, the host cell is a fungus. In another embodiment, the 
„ 35 filamentous fungus includes Aspergillus, Trichoderma, Mucor and Fusarium species. In yet 
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another embodiment, the Aspergillus species includes A. niger, A. nidulans, A. oryzae and 
A. fumigatus. In one embodiment, the polynucleotide has at least 60% identity to the 
nucleic acid having the sequence as shown in SEQ ID NO:1 or is capable of hybridizing to 
the polynucleotide having the sequence as shown in SEQ ID NO:1 under conditions of 
intermediate to high stringency, or is complementary to the polynucleotide having the 
sequence as shown in SEQ ID NO:1 . In another embodiment, the polynucleotide has the 
sequence as shown in SEQ ID NO:1. 

The present invention also relates to methods for screening for mutants exhibiting a 
hyper branching phenotype and which are capable of secreting heterologous protein. 
Accordingly, the present invention provides a method for the identification of hyper- 
branching mutants which comprise the steps of obtaining fungal mutants, subjecting said 
mutants to selection under desired conditions, and identifying mutants having the desired 
phenotypes. In one embodiment, the identification comprises selecting for hyphal growth. 
In yet another embodiment, identification comprises selecting for mutants capable of 
secreting protein. In another embodiment, the selection comprises growth and/or secretion 
of heterologous proteins at a restricted temperature. 
Brief Description of the Drawings 

Figures 1 A-1 D illustrates the nucleic acid (SEQ ID NO:1, hbrA) and amino acid 
(SEQ ID NO:2) sequence for HbrA. 

Figures 2A-2B illustrates an amino acid alignment of the amino acid sequence for 
hbrA; A. fumigatus (afvac); rat (ratvac); yeast sip gene (slp1_yeast); C.elegans (s!p1_ceel). 

Figure 3 illustrates amylase secretion by hbr/creA mutants. 
Detailed Description of the Invention 
Definitions 

As used herein, the phrase "protein associated with hyphal growth" refers to a 
protein which is capable of modulating hyphal growth in fungus. Illustrative of such 
proteins are the proteins HbrA 1-9 disclosed herein in the Examples. The term "HbrA" 
refers to the amino acid sequence as shown in SEQ ID NO:2. The present invention 
encompasses proteins associated with hyphal growth in fungus having at least 70%, at 
least 75%, at least 80%, at least 85%, at least 90% or at least 95% identity to the amino 
acid sequence as disclosed in SEQ ID NO:2. Percent identity at the nucleic acid level is 
determined using the FastA program and percent identity at the amino acid level is 
determined using the TFastA both of which use the method of Pearson and Lipman (PNAS 
USA, 1988, 85:2444-2448). The present invention also encompasses mutants, variants 
and derivatives of HbrA as long as the mutant, variant or derivative is capable of 
modulating hyphal growth in fungus. 
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As used herein, "nucleic acid" refers to a nucleotide or polynucleotide sequence, 
and fragments or portions thereof, and to DNA or RNA of genomic or synthetic origin which 
may be double-stranded or single-stranded, whether representing the sense or antisense 
strand. As used herein "amino acid" refers to peptide or protein sequences or portions 
5 thereof. 

The terms "isolated" or "purified" as used herein refer to a nucleic acid or amino 
acid that is removed from at least one component with which it is naturally associated. 

As used herein, the term "heterologous" when refering to a protein associated with 
hyphal growth refers to a protein that does not naturally occur in a fungal cell. The term 
10 "homologous" when refering to a protein associated with hyphal growth refers to a protein 
native or naturally occurring in the fungus. The invention includes fungal host cells 
2 Q producing the homologous protein associated with hyphal growth at higher copy number 

than found in the naturally occurring fungal host and produced at a higher copy level via 
recombinant DNA technology. 
15 As used herein, the term "overexpressing" when referring to the production of a 

25 protein in a host cell means that the protein is produced in greater amounts than its 

production in its naturally occurring environment. 
Description of the Preferred Embodiments 

The present invention relates to the identification of HbrA in A. nidulans. The 
30 20 mutation of HbrA, referred to herein as HbrA2, was assigned to chromosome VII by 

parasexual analysis (Aspergillus: 50 Years On (1994) vol 20, ed S.D. Martinelli & J.R. 
Kinghom pp. 41-43). At 37°C, mutant hbrA2, unlike wild-type A. nidulans, fails to secrete 
recombinants expressed M. meihei protease. The translated sequence of the hbrA2 gene 
35 shows significant identity with the yeast SLP/VPS33 Sec1 gene product. Available 

25 evidence indicates that SLPA/PS33 Sec1 encodes a protein essential for vacuolar protein 
sorting. SLP1 mutants fail to direct proteins to the vacuoles, and they are sent along a 
default pathway to the cytoplasmic membrane. The exact nature and function of the 
SLP1A/PS33 Sec1 protein is unknown, but it is a member of the SEC1 family, and may be 
a membrane associated protein involved in directing vesicles to vacuoles. Deletion of 
30 VPS33 in yeast in not lethal, but leads to slow growth, temperature sensitivity, and loss of 
vacuoles as revealed by staining light and electron microscopy. Fluorescence microscopy 
has shown that like SLP1A/SP33 mutants in yeast, HbrA2 is defective in vacuole assembly 
at the non-permissive temperature. 

The mutation HbrA2 does not appear to affect growth of A. nidulans at 26°C, but 
50 35 results in a hyperbranching, restricted growth phenotype at 42°C. The hyperbranching 
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phenotype shows extensive branching in the apical compartment, unlike the wild-type 
A.nidulans. The mutant grows slowly at the non-permissive temperature giving rise to 
highly compact colonies on agar media. Mucormeihei protease was transformed into wild- 
type A.nidulans and crossed into the hbrA2 mutant. The hbrA2 mutant comprising the 
5 heterologous nucleic acid encoding the M.meihei protease was able to secrete the 

protease at 26°C. The hbrA2 mutant was unable to secrete the protease at 37°C but was 
able to secrete the endogenous alpha amylase at temperatures greater than 37°C. 
15 In view of the observation that hbrA mutants are incapable of producing foreign 

protein, it appears that genetically engineering fungal hosts to modulate the expression of 
to proteins associated with hyphal growth, in particular, mutants HbrA1-9, would provide a 
means for enhancing the production of proteins or chemicals in the fungal host. In one 
20 aspect of the present invention, it would be desirable to increase expression of proteins 

associated with hyphal growth. In another aspect of the present invention, it would be 
desirable to decrease or eliminate expression of proteins associated with hyphal growth by 
15 means known to the skilled artisan. 
25 L HbrA amino acid and hbrA nucleic acid sequences 

The present invention provides the amino acid (SEQ ID NO:2) HbrA and nucleic 
acid (SEQ ID NO:1) sequence for hbrA. The present invention encompasses amino acid 
variants having at least 70% identity to the amino acid having the sequence as shown in 
30 20 SEQ ID NO:2 as long as the variant is capable of modulating hyphal growth. Percent 

identity at the nucleic acid level is determined using the FastA program and percent identity 
at the amino acid level is determined using the TFastA both of which use the method of 
Pearson and Lipman (PNAS USA, 1988, 85:2444-2448). Alternatively, identity is 
determined by MegAlign Program from DNAstar (DNASTAR, Inc. Maidson, Wl 53715) by 
25 Jotun Hein Method (1990, Method in Enzymology, 183: 626-645) with a gap penalty = 1 1, a 
gap length penalty = 3 and Pairwise Alignment Parameters Ktuple = 2. As the skilled 
artisan will readily recognize, a variety of polynucleotides can encode HbrA. The present 
invention encompasses all such polynucleotides. HbrA, and other polynucleotides 
encoding proteins associated with hyphal growth, may be obtained by standard procedures 
30 known in the art from, for example, cloned DNA (e.g., a DNA "library"), genomic DNA 
libraries, by chemical synthesis once identified, by cDNA cloning, or by the cloning of 
genomic DNA, or fragments thereof, purified from a desired cell. (See, for example, 
Sambrook et a/., 1989, Molecular Cloning, A Laboratory Manual, 2d Ed., Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, New York; Glover, D.M. (ed.), 1985, DNA 
5 0 35 Cloning: A Practical Approach, MRL Press, Ltd., Oxford, U.K. Vol. I, II.) Nucleic acid 
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sequences derived from genomic DNA may contain regulatory regions in addition to coding 
regions. Whatever the source, the isolated polynucleotide encoding the protein associated 
with hyphal growth can be molecularly cloned into a suitable vector for propagation of the 
gene. 

In the molecular cloning of the gene from genomic DNA, DNA fragments are 
generated, some of which will encode the desired gene. The DNA may be cleaved at 
specific sites using various restriction enzymes. Alternatively, one may use DNAse in the 
presence of manganese to fragment the DNA, or the DNA can be physically sheared, as 
for example, by sonication. The linear DNA fragments can then be separated according to 
size by standard techniques, including but not limited to, agarose and polyacrylamide gel 
electrophoresis and column chromatography. 

Once the DNA fragments are generated, identification of the specific DNA fragment 
containing the gene may be accomplished in a number of ways. For example, a 
polynucleotide encoding a protein associated with hyphal growth or its specific RNA, or a 
fragment thereof, such as a probe or primer, may be isolated and labeled and then used in 
hybridization assays to detect related genes. (Benton, W. and Davis, R., 1977, Science 
196:180; Grunstein, M. And Hogness, D., 1975. Proc. Natl. Acad. Sci. USA 72:3961). 
Those DNA fragments sharing substantial sequence similarity to the probe will hybridize 
under stringent conditions. 

Also included within the scope of the present invention are fungal microorganism 

polynucleotide sequences that are capable of hybridizing to the nucleotide sequence of 

SEQ ID NO:1 under conditions of intermediate to maximal stringency. Hybridization 

conditions are based on the melting temperature (Tm) of the nucleic acid binding complex, 

as taught in Berger and Kimmel (1987, Guide to Molecular Cloning Techniques . Methods in 

Enzymology, Vol 152, Academic Press, San Diego CA) incorporated herein by reference, 

and confer a defined "stringency'* as explained below. 

"Maximum stringency" typically occurs at about Tm-5°C (5°C below the Tm of the 

probe); "high stringency" at about 5 C C to 10°C below Tm; "intermediate stringency" at 

about 10°C to 20°C below Tm; and "low stringency" at about 20°C to 25°C below Tm. As 

will be understood by those of skill in the art, a maximum stringency hybridization can be 

used to identify or detect identical polynucleotide sequences while an intermediate or low 

stringency hybridization can be used to identify or detect polynucleotide sequence 

homotogs. 

The term "hybridization" as used herein shall include "the process by which a strand 
of nucleic acid joins with a complementary strand through base pairing" (Coombs J (1994) 
Dictionary of Biotechnology , Stockton Press, New York NY). 
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The process of amplification as carried out in polymerase chain reaction (PCR) 
technologies is described in Dieffenbach CW and GS Dveksler (1995, PCR Primer, a 
Laboratory Manual . Cold Spring Harbor Press, Plainview NY). A nucleic acid sequence of 
at least about 10 nucleotides and as many as about 60 nucleotides from SEQ ID NO:1 
s preferably about 12 to 30 nucleotides, and more preferably about 20-25 nucleotides can be 
used as a probe or PCR primer. 
Expression Systems 

The present invention provides host cells, expression methods and systems for the 
production of desired proteins in host fungus. Once nucleic acid encoding a protein 
io associated with hyphal growth is obtained, recombinant host cells containing the nucleic 
acid may be constructed using techniques well known in the art. Molecular biology 
20 techniques are disclosed in Sambrook et al., Molecular Biology Cloning: A Laboratory 

Manual, Second Edition (1989) Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 
NY (1989). Nucleic acid encoding proteins associated with hyphal growth and having at 
15 least 60% identity to hbrA is obtained and transformed Into a host cell using appropriate 
25 vectors. A variety of vectors and transformation and expression cassettes suitable for the 

cloning, transformation and expression in fungus are known by those of skill in the art. 

Typically, the vector or cassette contains sequences directing transcription and 
translation of the nucleic acid, a selectable marker, and sequences allowing autonomous 
30 20 replication or chromosomal integration. Suitable vectors comprise a region 5' of the gene 

which harbors transcriptional initiation controls and a region 3' of the DNA fragment which 
controls transcriptional termination. These control regions may be derived, from genes 
homologous or heterologous to the host as long as the control region selected is able to 
35 function in the host cell. 

25 Initiation control regions or promoters, which are useful to drive expression of the 

protein associated with hyphal growth in a host cell are known to those skilled in the art. 
Virtually any promoter capable of driving these proteins is suitable for the present 
invention. Nucleic acid encoding the protein is linked operably through initiation codons to 
selected expression control regions for effective expression of the protein. Once suitable 
30 cassettes are constructed they are used to transform the host cell. 

General transformation procedures are taught in Current Protocols In Molecular 
Biology (vol. 1, edited by Ausubel et al., John Wiley & Sons, Inc. 1987, Chapter 9) and 
include calcium phosphate methods, transformation using PEG and electroporation. For 
Aspergillus and Trichoderma, PEG and Calcium mediated protoplast transformation can be 
35 used (Finkelstein, DB 1992 Transformation. In Biotechnology of Filamentous Fungi. 
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Technology and Products (eds by Rnkelstein & Bill) 1 13-156. Electroporation of protoplast 
is disclosed in Finkelestein, DB 1992 Transformation. In Biotechnology of Filamentous 
Fungi. Technology and Products (eds by Rnkelstein & Bill) 1 13-156. Microprojection 
bombardment on conidia is described in Fungaro et al. (1995) Transformation of 
s Aspergillus niduians by microprojection bombardment on intact conidia. FEMS 

Microbiology Letters 125 293-298. Agro bacterium mediated transformation is disclosed in 
Groot et al. (1998) Agrobacteri urn tumefaciens-mediated transformation of filamentous 
fungi. Nature Biotechnology 16 839-842. 

Host cells which comprise the sequence for hbrA and express the protein may be 
10 identified by a variety of procedures known to those of skill in the art. These procedures 
include, but are not limited to, DNA-DNA or DNA-RNA hybridization and protein bioassay 
20 or immunoassay techniques which include membrane-based, solution-based, or chip- 

based technologies for the detection and/or quantification of the nucleic acid or protein. 
For production of a desired protein in a fungal host cell, an expression vector comprising at 
15 least one copy of nucleic acid encoding a desired protein is transformed into the 
25 recombinant host cell comprising nucleic acid encoding a protein associated with hyphal 

growth and cultured under conditions suitable for expression of the protein. Examples of 
desired proteins include enzymes such as hydrolases including proteases, cellulases, 
amylases, carbohydrases, and lipases; isomerases such as racemases, epimerases, 
30 20 tautomerases, or mutases; transferases, kinases and phophatases along with proteins of 

therapeutic value. Alternatively, it may be advantageous to down-regulate or mutate 
proteins associated with hyphal growth in order to reduce the viscosity in the fermentor. 
Ill Vector Sequences 

35 Expression vectors used in expressing the hprA in fungal cells or the desired 

25 protein in fungal cells comprise at least one promoter associated with the protein which 
promoter is functional in the host cell. In one embodiment of the present invention, the 
promoter is the wild-type promoter for the protein and in another embodiment of the 
present invention, the promoter is heterologous to the protein, but is still functional in the 
fungal host cell. In one preferred embodiment of the present invention, nucleic acid 
30 encoding the protein is stably integrated into the microorganism genome. 

In a preferred embodiment, the expression vector contains a multiple cloning site 
cassette which preferably comprises at least one restriction endonuclease site unique to 
the vector, to facilitate ease of nucleic acid manipulation. In a preferred embodiment, the 
vector also comprises one or more selectable markers. As used herein, the term 
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selectable marker refers to a gene capable of expression in the host which allows for ease 
of selection of those hosts containing the vector, 
IV. Assay of the activity of proteins associated with fungal growth 

The results shown in Examples I and II illustrate the use of a temperature based 
s screen to identify mutants which effect fungal branching. The unexpected advantage of 
using such a temperature based screen is the ability to identify HbrA mutants or mutants of 
proteins associated with hyphal growth having a differential effect on the export of native or 
15 endogenous genes vs the export of recombinant^ introduced heterologous protein. This 

type of screening method facilitates the isolation of strains which are capable of increased 
io secretion of heterologous protein. Therefore, the present invention also provides a 

method for the identification of hyper-branching mutants which enhance protein secretion 
20 comprising the steps of obtaining fungal mutants, subjecting said mutants to selection 

under desired conditions, and identifying the desired mutants. In one embodiment, the 
identification comprises selecting for hyphal growth. In another embodiment, the selection 
15 comprises growth and/or secretion of heterologous proteins at a restricted temperature. 

25 

Examples 
Example I 

This example illustrates the isolation of the hbrA gene. In order to isolate the hbrA 
3Q 20 gene, DNA was prepared from pooled cosmids of the chromosome-sorted cosmid library 

of wild-type DNA from A. nidulans obtained from FGSC (Funal Genetic Stock Center, 
Department of Microbiology University of Kansas Medical Center, Kansas City, KS 66160). 
5 pools of 20 cosmids each were used in transformation experiments. In order to assess 
35 transformation efficiency, an hbrA2, argB double mutant was used as a recipient for 

25 cotransformation using a mixture of cosmid DNA and transforming vector Arp, which 
carries the argB gene and a replicating sequence. After transformation, protoplasts were 
regenerated and selected on medium lacking arginine at 42°C. One of the cosmid pools 
40 gave rise to a few strongly growing, normally conidiating colonies in a background of Arg+ 

Hbr- transformants. The pool was subdivided into 4 pools of 5 cosmids, and transformation 
30 repeated. A single cosmid was isolated which was able to complement the hbrA2 mutation, 
restoring wild-type growth. Sub-cloning of the cosmid led to identification of an EcoRI 
45 fragment carrying the transforming sequence. The EcoRI/BamHI fragments failed to 

complement the mutation suggesting that the BamHI site lies within the hbrA gene. The 
fragment was isolated and subjected to nucleic acid sequencing. The nucleic acid and 
35 amino acid sequence for the hbrA gene is shown in Figures 1 A-1D. Table I shows 
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protease activity for Hbr2, as well as other identified hyper-branching mutants at the 
permissive and non-permissive temperatures. 
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Table I 



Strain Mean Protease Activity 

(units/gram of blomass) at 26C 
48 hrs 72 hrs 



10 Wild-type 
HbrA2 
Hbr3 



Hbr6 
Hbr8 



963+/- 57 703+/-12 
857+/-18 1237+/-155 
689+7-76 1194+/-234 



0+/-0 
0+/-0 



1892+/-122 
2165+/-156 



Mean Protease Activity 
(units/gram of biomass) at (37C) 
48hrs 72 hrs 



380+/-44 

0+/-0 

0+/-0 

0+/-0 
0+/-0 



339+/- 40 

0+/-0 

0+/-0 

0+/-0 
487+/-10 



25 



30 



20 These findings indicate that a previously uncharacterized filamentous fungal gene hbrA 
plays a role in heterologous protein export. 

Example 2 

This Example describes the characterization of hyperbranching mutants of A. 
25 nidulans. Below is Table II which shows the chromosomal location of the hbr mutants, 
hbr Mutant Chromosomal location 

hbr1 I 

hbrA2 VII 
30 hbr3 I 
35 hbr4 lit 

hbr5 VIII 

hbr6 III 

hbr7 III 
35 hbr8 I 

hbr9 III 

40 

All mutations were recessive and unlinked to each other and represent previously 
uncharacterized mutations which effect fungal hyperbranching and protein secretion. The 
40 ability of hbrA2 mutant to secrete the endogenous protein alpha amylase at 37°C was 
45 examined by growing the nbrA2:creA- double mutant on petri dishes with starch as the 

sole carbon source (the CreA gene is a negatively acting regulator of carbon catabolism 
repression. Mutations of CreA (CreA-) causes carbon catabolism derepression of 
enzymes such as alpha amylase). The hbrA2:creA- double mutant like the hbrA+:cceA- was 
50 45 shown to be capable of secreting the endogenous protein alpha amylase, see Figure 3. 
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These results indicate the hbrA gene unexpectantly plays a role in heterologous protein 
secretion. 

The hbr3 mutant, like the hbrA2 mutant, produces slightly higher M, meihei 
protease than the wild-type at 26°C. At 37°C ( the hbr3 mutant like the hbrA2 mutant does 
not produce the M. meihei protease. The hbrA2 mutation is located on chromosome VII, 
the hbr3 mutation is located on chromosome I. These results Indicate that the hbr3 gene 
product also plays a role in heterologous protein export. Therefore, modulation of the 
expression of the wild-type hbr3 gene product would appear to be advantageous in 
increasing heterologous protein export. 

The hbrd and hbrS mutations which are located on chromosomes III and I 
respectively, produce significantly higher levels of M. meihei protease than the wild-type at 
26°C and would appear to increase the secretion of heterologous protein in a filamentous 
fungus grown in the temperature range around 26°C. Therefore, modulation of expression 
of the wildtype hbr6 and hbrd gene products would also appear to have utility in increasing 
heterolgous protein export. Mutant versions of the hbr6 and hbrd genes have no or 
significantly less M. meihei secretion than the wild-type as shown by Table III. 



Table 



Strain Mean Protease Activity 

(units/gram of biomass) at 26C 
48 hrs 72 hrs 

Wild-type 963+/- 57 703+/-12 



hbrS 
hbr7 



46+/-60 
0+/-0 



1152+/-133 
1098+/-53 



Mean Protease Activity 
(units/gram of biomass) at 37C 
48hrs 72 hrs 

380+/-44 339+/- 40 



533+A53 
580+/-60 



1648+/-797 
1581+/-660 



hbr4 
hbr9 



844+/-114 1688+/-67 
0+/-0 268+/-16 



343+A26 
0+/-0 



260+/-15 
1562+/641 



Table II illustrates that M. meihei protease secretion in the hbr5 and hbrl mutants yields 
slightly more protease at 26°C after 72 hours compared to the wild-type, and significantly 
more protease at 72 hours at 37°C. 

The hbrA mutant produced significantly more M. meihei protease than the wild-type 
after 72hours at 26°C but significantly less protease after 72 hours at 37°C. However, the 
nbr4:creA- double mutant produced significantly higher levels of alpha amylase/unit area 
fungal colony that the wild-type strain containing only the creA- mutation. These results 
indicate a significant role for the hbr4 gene product not only in terms of fungal morphology 
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increasing native protein secretion but also a role for this gene product in heterologous 
protein export. 

The hbr9 mutation exhibited poor expression of M. meihei protease at 26°C, but 
significantly higher levels of M. meihei protease and alpha amylase/ unit area fungal 
colony than the wild-type. 
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1. An isolated protein associated with hyphal growth in fungi having at least 
70% identity to the amino acid sequence as disclosed in SEQ ID NO:2. 

2. The protein of Claim 1 having the amino acid sequence as disclosed in SEQ 
ID NO:2. 

3. An isolated polynucleotide encoding the amino acid having the sequence as 
shown in SEQ ID NO:2. 

4. The isolated polynucleotide of Claim 3 having at least 60% identity to the 
polynucleotide have the sequence as shown in SEQ ID NO: 1 , or is capable of hybridizing 
to the polynucleotide having the sequence as shown in SEQ ID NO:1 under conditions of 
intermediate to high stringency, or is complementary to the polynucleotide having the 
sequence as shown in SEQ ID NO:1. 

5. The isolated polynucleotide of Claim 4 having the nucleic acid sequence as 
disclosed in SEQ ID NO:1. 

6. An expression vector comprising the polynucleotide of Claim 3. 

7. A host cell comprising the expression vector of Claim 6. 

8. The host cell of Claim 7 that is a filamentous fungus. 

9. The host cell of Claim 8 wherein said filamentous fungus includes 
Aspergillus, Trichoderma, Mucor and Fusarium. 

10. A method for producing a desired protein in a fungus comprising the step of, 
culturing a recombinant fungus comprising a polynucleotide encoding the desired protein 
under conditions suitable for the production of said desired protein, said recombinant 
fungus further comprising a polynucleotide encoding a protein associated with hyphal 
growth in said fungus said protein having at least 70% identity to the amino acid sequence 
as disclosed in SEQ ID NO:2. 
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1 1 . The method of Claim 1 0 further comprising the step of recovering said 
desired protein. 

12. The method of Claim 10 wherein said polynucleotide encoding a protein 
associated with hyphal growth is homologous to said fungus said polypeptide being present 
in copy number greater than found in the naturally occurring fungus. 

13. The method of Claim 10 wherein the polynucleotide encoding a protein 
associated with hypha! growth is heterologus to said fungus and has been recombinantly 
introduced into said fungus. 

20 14. The method of Claim 10 wherein said polynucleotide encoding a protein 

associated with hyphal growth in said fungus comprises a replicating plasmid. 

1 5. The method of Claim 10 wherein said polynucleotide encoding a protein 
25 associated with hyphal growth in said fungus is integrated into the fungal genome. 

16. The method of Claim 10 wherein said protein associated with hyphal growth 
has the amino acid sequence as shown in SEQ ID NO:2! 

30 

17. The method of Claim 10 wherein said polynucleotide encoding a protein 
associated with hyphal growth has 60% identity to the polynucleotide having the sequence 
as shown in SEQ ID NO:1, or is capable of hybridizing to the polynucleotide having the 

35 sequence as shown in SEQ ID IMO:1 under conditions of intermediate to high stringency, or 

is complementary to the polynucleotide having the sequence as shown in SEQ ID NO:1. 
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18. The method of Claim 15 wherein said polynucletoide has the nucleic acid 
sequence as shown In SEQ ID NO; 1. 

19. The method of Claim 10 wherein said fungus is a filamentous fungus. 

20. The method of Claim 1 9 wherein said filamentous fungus includes 
Aspergillus, Thchoderma, Mucor and Fusarium species. 

21 . The method of Claim 20 wherein the Aspergillus includes A. niger, A. 
nidutans, A. oryzai and A. fumigatus. 



55 



WO 00/56893 



- 16 - 



PCIYUSOO/07615 



10 



15 



20 



22. A method for producing a recombinant fungus comprising a polynucleotide 
encoding a protein associated with hyphal growth comprising the steps of: 

(a) obtaining a polynucleotide encoding said protein associated with; 

(b) introducing said polynucleotide into said host cell; and 

(c) growing said host cell under conditions suitable for the production of 
said protein associated with hyphal growth. 

23. The method of Claim 22 wherein said host cell includes filamentous fungus. 

24. The method of Claim 23 wherein said filamentous fungus includes 
Aspergillus, Trichoderma, Mucor, and Fusarium. 

25. The method of Claim 24 wherein said Aspergillus species includes A. niger, 
A. nidulans, A. oryzae and A. fumigatus. 

25 26. The method of Claim 22 wherein said polynucleotide has at least 60% 

identity to the nucleic acid having the sequence as shown in SEQ ID NO:1. 

27. A method of identifying hyper-branching fungal mutants comprising the 
30 steps of obtaining fungal mutants, subjecting said mutants to selection under desired 

conditions, and identifying the desired mutants. 

28. The method of Claim 27 wherein said identifying comprises selecting for 
35 hyphal growth. 

29. The method of Claim 27 wherein the selection comprises growth and 
secretion of heterologous proteins at a restricted temperature. 
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30. A method for producing a desired protein in a fungus comprising the step of 
culturing a recombinant fungus comprising a polynucleotide encoding the desired protein 
under conditions suitable for the production of said desired protein, said recombinant 
fungus comprising a mutation in an endogenous nucleic acid encoding a protein associated 
with hyphal growth said mutation resulting in the inhibition of the production by said fungus 
of the protein associated with hyphal growth. 

31 . The method of Claim 30 wherein said protein associated with hyphal growth 
has at least 70% identity to the amino acid sequence as disclosed in SEQ ID NO:2. 
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10 30 50 

GATCACCAGGAATTGCGTTGCCTGATGCATGGTTGGGAGGGCCGCCGAGGTCCACGCCAG 

70 90 110 

GTGGTGGGGGTGCTATACCGTGCTGCGCTTTTGCCCTCGTGTAAGGGTCAGCAGGAATCG 

130 150 170 

GTTTCGCGTAAGGATTCGCTTCGGCAGGAGGGCTCTTGTTCTTCGACCTCGATCCAAAGA 

190 210 ■ 230 

GGGCGCGGCGGTTGGAGGAATCGTCGTCGCCGGCGTCTGACGACTTTTTGAGGCCGAATC 

250 270 290 

GCTTCATAGCGTATTTTAGCTAGAATACTTCGCCGAAAcCAGCGTAGGAATAtTAGAGTG 

310 330 350 

AAAATAATAAATTGAGAGGCTATTTATGATTGACTGAGAATTGAAGAGAGGGGAAGGGAA 

370 390 410 

GGAGGGAGGGGAGCGAAGATGTTAAGTGTCAGGGGAGCAGCAGCGGCAAAAGTGTCAAGA 

430 450 470 

CGCTCCTGAGACTCAAAGGCAGCTATGTAATCATGATACACATAGTTGTGCTGCAATTCT 

490 510 530 

GGCTATCAGTGAGTATTTTACCGTATGATTACTCACCAATTCGACTCCACTAAGCCGAAA 

550 570 * 590 

GAAGCTAGCGGGGATGGCTGGACCCTTCTAAGCCTCAACTGAGGGCGGTGCCGCAGTCAA 

610 630 650 

ACGTCAACTGCTCCCACCCCATGCTTCGTATAAGGTAGCCATGGCACCATTCCCTGGGTC 

670 690 710 

TGATGCCGACAATATCAAGGACAAGGCCCGTAAAGGCTTGCTGAATCTTCTCGAAGGCGT 
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730 750 770 

GAGTAAGGCTCCTAGTTGGCACTGTTTCTGGTTCTAGCCTGATTCATTACCTCGATCTAG 

790 810 830 

• * • • • s 

GTCCGTGGGAAGAAGAACCTGGTGATTAGCCAGGGGCTTGCTGGGCCCGTCGGGCTTTTT 

850 870 890 

.*..,» 

GTCAAGTTTTCGCAGCTTCAGGAGTATGGCGTAGACCGGGTATTCTTGCTTGAAAATGGA 

910 930 950 

AATGTCGACTCTTCTCAGCGCAATGTGGTATTTCTAGCGTACGCCGAAAAGATCCGCCAG 

970 990 1010 

GTGCGGGCAGTGGCAGGTATGTCATGATCTTTATCCACCTTTGATTTACATACCCAAATG 

1030 1050 1070 

ACTGTAAATGCGAAGGCTCCTTGCTATCGCGCTTGCTGGGAGCATTAAAGTTACGCAGAC 

1090 1110 1130 

TTCTTCTCCACTCTGCGTAATCAGTCAAGCTCCCTATATTGAAACTTCGTTTAGCAGCTT 

1150 1170 1190 

ATCCCTAAGGCTTTCTTTCTCTGCCTCGTATGACTGAATGCCATCAGAATAAGCTGACAA 

1210 1230 1250 

GTTTTACAGAGCAGATCCAAAGGCTTCAACGCAACAGCAGTATAGACCATGAATTTTCCA 

H E F S I 

1270 1290 1310 

TCTTTTGGGTTCCAAGACGGACCCTCGTAAGCAATAACATCCTAGAGAGCGCAGGCATCA 
FWVPRRTLVSNNILESAGI I 

1330 1350 - 1370 

TTGGAGATGTGAGCATCGCTGAGCTGCCTCTTTACTTTTTTCCTCTAGAGCAGGACGTTC 
GDVS IAELPLYFFPLEQDVL 
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1390 1410 1430 

TTTCTTTGGAACTGGATGACTCTTTTGCGGACTTGTACCTGGTGAGATCTTTCTCCTGGA 
SLEL.D DS FADLYL 

1450 1470 1490 

GATAGTGATCAGTGCTGATTCATTTTGTAGCACAAGGAtccTGGGTGCATCTTCCATTCC 

HKDPGCIFHS 

1510 1530 1550 

GCAAAGGCTCTTATGgctATTCAACAGAGACATGGCTATTTTCCTCGGATAGTAGGCAAA 
AKALMA IQQRHGYFPRI VGK 

1570 1590 1610 

GGCGATCATGCTCGACGACTCGCTGACCTCCTGCTGCGGATGAGGAAGGAGATTGACGCA 
GDHARRLADLLLRMRKEIDA 

1630 1650 1670 

GAGGAAAGCTCAGGACTGACAGGACTGTCTTTCCGGGGACTTTTACCCAGCTCAAGCATT 
EESSGLTGLSFRGLLPSSSI 

1690 1710 1730 

GAGAGTTTGATCATCATTGACCGAGAGGTGGACTTCGGCACCCCTCTGCTTACACAGCTA 
ESLI I I DREVDFGTPLLTQL 

1750 1770 1790 

• • • * • • 

ACGTATGAGGGTCTCATCGATGAGTTGGTAGGAATCAAGCACAACCAAGCGGACATTGAT 
TYEGLI DELVGIKHNQADID 

1810 1830 1850 

ACGACAATTGCAGGGGCCAGCTCAACTCCCCAGGCCCAGGAGTCTTCCAAAGCATCTCAA 
TTIAGASSTPQAQESSKASQ 

1870 1890 1910 

CAGGCTAAGCAAGGTCAAAAGCGGAAGATTCAGTTGGATTCGTCTGACCAACTGTTCAGT 
QAKQGQKRKI QLDS SDQLFS 
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1930 1950 1970 

»••••• 

CAACTCCGTGACGCGAATTTTGCTATAGTCGGCGATATCCTGAATAAGGTAGCACGTCGA 
QL.RDANFAI VGDILNKVARR 

1990 2010 2030 

TTAGAAACAGATTATGAGAGCCGTCATACAGCAAAAACGACAACTGAACTTCGCGAGTTT 
LETDYESRHTAKTTTELREF 

2050 2070 2090 

GTGAATAAACTACCATCATATCAACTCGAACATCAAAGCTTGAGAGTTCACACCAACCTC 
VNKLPSYQLEHQSLRVHTNL 

2110 2130 2150 

GCTGAGGAAATCATGAAAAACACGCGCTCAGACACTTTCCGCAAGATCCTCGAAGTGCAA 
AEEIMSNTRSDTFRKILEVQ 

2170 2190 2210 

CAGAACGACGCTGCAGGCGCCGACCCAACTTACCAACATCCTCTCATTGAGGAACTCATC 
QNDAAGADPTYQHPLI EELI 

2230 2250 2270 

GCCCGGGATATTCCACTGAAGACAATCCTCCGTTTGCTTTGTCTCGAATCATGCATGTCC 
A R D I PLKTILRLLCLESCMS 

2290 2310 2330 

GGTGGCCTACGGCCTAAAGACCTCGAGAGTTTTAAACGCCAAGTCGTCCACGCATACGGG 
GGLRPKDLES FKRQVVHAYG 

2350 2370 2390 

CACCAACACCTGCTAACATTCAGTGCTTTGGAGAAGATGGAGCTTCTCCAGCCCCGGTCG 
HQHLLTFSALEKMELLQPRS 

2410 2430 2450 

TCTGCAACCACAATGCTAATTCCCGG CACGGGC ACCCAAACGGGATCGAAAACAAACTAC 
SATTMLI PGTGTQTGSKTNY 
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2470 2490 2510 

GCCTACTTTCGCAAAAATCTTCGCCTGGTCGTCGAAGAAGTTAGCGAGAAGGAACCTGAA 
AYFRKNLRLVVEEVSEKEPE 

2530 2550 2570 

GATATCGCTTATGTCTACAGCGGTTTCGCCCCTCTCAGCATTCGCCTTGTGCAGTGCGTC 
DI AYVYSGFAPLSI RLVQCV 

2590 2610 2630 

TTGCAGAAATCATACGTCATGTCGCTTATGAAAGGTGGCCCGGCTGCGCACGCGAATACC 
LQKSYVMSLMKGGPAAHANT 

2650 2670 2690 

GCATCCCCAGGCTGGCTTGGATATGAAGATGTGGTGAAGAGTGCGCGTGGATCGACGTTC 
AS PGWLGYEDVVKSARGSTF 

2710 2730 2750 

AGTATTGTCCAAAAGGGCGACGATAAAGCGGTTCGTGCGCGGCAGACACTGAGTGGTAAC 
S I VQKGDDKAVRARQTLSGN 

2770 2790 2810 

• ••••• 

AATGCGGCTAAGACCGTGTATGTGTTCTTCCTCGGAGGGATCACATTTACGGAAATCGCG 
NAAKTVYVFFLGGITFTEIA 

2830 2850 2870 

GCATTGCGGTTCATTGCGGCACAGGAGGCGCCGAGGCGGAACATTGTGATTTGTACTACG 
ALRFIAAQEAPRRN IVICTT 

2890 2910 2930 

GGAATCATTAATGGAGATCGGATGATGGATGCTGCGCTTGAGAAGGGGGGGTTTGCCTTG 
GI INGDRMMDAALEKGGFAL 

2950 2970 2990 

*•»... 

ACTGAGTCTTGACCTCGTAGAGCGTACAGTTAATGTCATAGGAACTATACCGCTATCCAT 
T E S 
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